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Section 1: Getting Started with the HOT-SMAC Interface
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Getting Started with the HOT-SMAC Interface.

Setup Tab

I. Go to StartlProgramslHOT-SMAC to start the HOT-SMAC interface.

2. On the Setup tab, choose a grading scheme, either graded in one dimension or

graded in two dimensions.
3. Choose a constitutive model. For this example, choose Elastic-Plastic (the

default) as the constitutive model. Therefore, only elastic or elastic-plastic

materials can be chosen for this analysis.

4. Notice in the Materials frame that there are currently zero phases (or materials)

available. To set up materials, press the "Select/Define Materials" button.

a. When this button is pressed, a default material called "New Material" is
created and shown in the HOT-SMAC Material Editor form. Change the

name of this material to "Elastic-Plastic Material" and press the <Enter:>

key. Press the "Apply Change" (A) button to save this change.

b. To create a second material, press the "Copy Material" button (B) and

C.

d.

name the new material "Elastic". Change this material to an elastic-only

material by selecting "Elastic" from the Material Model dropdown (C) and

then press the "Apply Change" button. Notice that all properties except

the elastic properties are disabled for this material.

Switch back to Elastic-Plastic Material by pressing the "Prev Material"

button (D).
You can make this material temperature dependent by "copying" the

current temperature dependent material properties and then changing the

copied properties. To copy the material property, press the "Copy" button

(E) in the Temperature Dependent Properties frame and then type 650 for
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the new temperature. For the yield stress at 650 degrees, type 269.5 and

for the Plastic Modulus, type 670. Press the "Apply Change" button (F) to

apply these temperature dependent changes.

At this point, the materials only exist in the computers memory. You can export

these materials to an ASCII file by selecting Export Materials from the File

dropdown menu (G) and select a file name to export the materials to. To import

these materials into a new HOT-SMAC model, select "Import Materials" from
this same menu.

e. Close the material editor form.

Geometry Tab

5. Click on the Geometry tab to change the HOT-SMAC problem geometry.

Prol_em T_e Ise._leProblem T_e h_tdyzl

s._ "i< c.,,.,i,y "! M,_, I n,.,-,,=ll.c.I _,_=i_le.c. | _,o,_ _f _,_

.

You can also select cells or ranges of cells

o=1the figure to apply changes manually by

placing the mouse cursor over the figure and

dragging a bounding box. All cells within

the bounding box will be selected and turn

gray. At this point any changes made to the

height, width or linear grading will be

applied only to the selected cells. You can

Subc_ls in2 dir_f_m 10_-'_J(eve._0
LJremrOmde m X_ _-ec_. _

TolliLm¢_lilXi) I_ ," __

_t.t,l:l#ti In 3 dtli¢to rl II_-- _--.IF

LinmOma,inX_din_Uo_ l
: _ Sellc_d _i}

'[ r---_ Eitlr _ t'tllghll I'Ir /__7_ ,
P

You can change the number of subcells in the 2 and 3 direction by adjusting the

numbers at A. If you want to grade the spacing in a particular direction, check the

"Linear Grade" checkbox (B) and enter a grading factor. The grading factor is the

ratio of the last cell spacing to the first. If you enter a negative number, then the

number is the ratio of the first cell spacing to the last. Enter 5 for the Factor as

shown above and press the Update button (C). The figure should appear as shown
here.

NAS A/CR--2001-211294
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also make changes to individual row heights and column widths by pressing the

"Enter Row Heights" and "Enter Column Widths" buttons (D).

Materials Tab

7. The next step is to assign materials to the cells of the HOT-SMAC model. Click

the Materials tab.

You can assign materials for a cell, a range of cells, or you can let the

software automatically grade the material over a range from one
material to another.

8. Select all of the cells in the model by dragging a bounding
box through all cells and releasing the mouse button. From the 1....

"Material" dropdown list (A), select the Elastic-Plastic

Material. Press the "Apply Material" button. Now all of the

cells in the model have been assigned the Elastic-Plastic
Material.

9. To automatically grade the cells from top to the bottom, check

the "Automatic Grading" radio button (A). A second frame

called "Automatic Grading Options" will appear. Change the

type of grading (B) to "Linear". For the
First Material (C), choose "Elastic-Plastic

Material" and for the Second Material (O),

choose "Elastic Material." Now select all

of the cells in the model again (by drawing

a bounding box) and press the "Apply

Grading" button (E). The grading has a
certain amount of randomness to it, but it

should look similar to the figure shown
here.
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Thermal Boundary Conditions Tab

10. The next step is to apply the thermal boundary conditions to the model.
Thermal BC tab.

s._o T Q°om.y [ M.w,_, l Th...-_e.C._ _e.e I An_,,Or_o.,

Click the

]' Resub

Apply Bounda,'y Cond _ons to:

1Entree'_,_ -I -- -

! Thermsl Boundeay CoSign ......

i Type

_ [Ternpe,ctture

_ Ternpernttt_

mu, F

)" Unem BCDimb_on

I

I
/

. =

_r .....

, l_

m¢ w_qi_tt,wW

0

0

0

0

0

0

0

0

I o

0

0

0 :

0 :c;_

I 0

0

L,W_# 0

This tab shows the boundary cells of the model with each thermal boundary condition

shown as a symbol on the edge of the boundary cell. The default boundary condition for

each cell is a uniform temperature (shown with the square symbol) of 0 degrees. You

can apply a flux boundary or a convective boundary by selecting cells and changing the

"Type" and "amplitude" of the boundary conditions at A and B. Keep in mind that at

least one cell must be a non-heat flux boundary in order to prevent singularities. For this

example, we will change the side boundary cells to zero heat flux, the temperature along
the top to 600 and the temperature along the bottom to 0.

11. Select the cells along the top boundary by dragging a bounding box around those

cells. Change the Thermal Boundary Condition type (A) to "Temperature" and

enter 600 for the Amplitude (B). Press the Apply Boundary Condition button (C).

12. Select the cells along the

right boundary, change the

type to "'Flux", and set the

Amplitude to 0. Press the

Apply Boundary Condition

button. Repeat for the left

boundary cells.

I B m

i u .E

Z

You can also apply a boundary

condition with a linear grade from

one end to the other by checking the
"'Linear BC Distribution" checkbox.

Be ItqRlt--,t-

m m m , w GO0

• 56Z ,5

528

487.5

'_ 480.

411.$

375

3100

:Z_;I;S

115

i -: I _:: :| : :, Ill?iS

_|11,$ :
II II

?S

37.5
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Mechanical Boundary Conditions Tab

13. The next step is to apply the mechanical boundary condition. Click the

Mechanical BC tab.

_opiy Boundaly Cond_an$ to:

]Entire Grid '*1 "_ _ "_ _ _ "_ _ _ "_

>

_mda_Ty1_

" " I
>

l Ty_. i

I: ' j i >

Ampl_dl
I •

.... > 1

- Bound(mJ Conditon in 3 Dimc_on > j.
i Type > <t

I J :
Ampl_ude

i_ ><2 - Uniform Simms or _ in IDirec_on

.... ] [//_ ' _ 811 v-_u,Apply Bounde_/Cond_on r O1.1 I 0

X3 ..........

r- x3 Genere_zed Plane Shin Ley_#

Speckling Gl_eroJized F1sne Slmin _

_nvhe 3 dimc_o_ _11 nullify spec_Dd

boundmy cond_on s in_ 3 o_i_l_bon

F_IsUltl

The default mechanical boundary condition is a fixed (zero displacement) boundary on

all cells. You can modify the boundary conditions for each cell or a range of cells just as

with the thermal boundary conditions. There are three preset boundary condition types

available for mechanical boundaries. Free (zero traction in each direction), roller (zero

normal displacement), and pinned (zero displacement in both directions). You can also

choose a "Custom" boundary condition with any combination of surface traction or

displacement in the two directions.

If the mechanical boundary conditions are changed, they must be set to ensure that there

is no rigid body motion to prevent singularities. For this example, leave the boundary
conditions as their default value of fixed on all boundaries.
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Analysis Options Tab

14. At this point, the physical problem is fully defined. Before submitting the HOT-
SMAC analysis, we must set up the parameters of the run. To do this, click the
Analysis Options tab.

s._, T "*mR T M==,_ l vh=,,_ae T Mo_=_=_B.CI _i=O_,r,= [ _,_,

Loed Hittoly OplliOnll 7
J

_le p Number Loltd _ Time

0 I00

-- Me_lel$on Rllr_iomi

Mex Iter_ions r--

r-Global r..omalm_

_-_ _ I _Temperatum

-T'mw I_pondent Plot Op_on0 _ _- Cormu#Fd,_ge Oplio_m - - -

Time dependem ploll Contour / Fringe Rots

TnrneStep = 1

T_meStep- 10

], T meSteo - 100

[_on_x_ iolot=

5 - Center a

_ nond_ I_ X-Y Plot ColLmm (con $te_t X3) plotm

IT=meStep = 1
TnmeSteo • 1 O0 15 - Center

;

I
AddX-YRot Tea I

Add X-Y Plot

I

The Analysis Options tab is used to specify the number of analysis integration steps, the

Mendelson iterations for elastic-plastic analysis, the options for plotting results, and some
global parameters such as global reference temperature.

i:_.: _ Load%

For elastic-plastic problems, the load step is varied
linearly from 0 to a percentage of the full load as

shown in the Load History frame. The number of

load steps and % of load at each step are dictated

by pressing the Add Time/Step button at A. For

example, in the case shown here, the load will be

applied from 0 to 25% of full load from load step 0
to 50, and from 25-100% of full load from load

step 50 to 100. For time-dependent problems (e.g.

creep problems), the time step is also dictated in
this frame.

_e
.e,

.4

X-Y column and row plots are generated at the Time/Load steps entered in the "Step
Number for X-Y plot" window.

15. Click the'Add X-Y Plot Time" button at A and enter 100 so that the software will

generate X-Y plots at load step 100. Press the "Add X-Y Plot" button (B) on the

Analysis Options tab. A new form will appear labeled "Select XY Plot..."
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On this form, you can specify to plot either row plots or

column plots on the HOT-SMAC model. The dropdown
list at C is used to select the row or column on which to

plot and the radio button at D is used to dictate whether

to plot the top, bottom or center for row plots, or the

right, left or center for column plots.

16. Select Row 5 from the dropdown combo and

then press the "Add Plot" button. The created

plot will appear in the "Row (constant X2)

c co_mn(Con_X3) P_

Plots" list box (A) on the Analysis Options tab. Press the "Add X-Y Plot" button

again; click the "Column" radio button (B), and select column 5 from the

dropdown list to add a plot for the center of column 5.

17. The final step is to specify the integration steps at which to plot contours. Press

the "Add Contour Plot" button at A. In the "Select Time Step..." dialog that

appears, enter 10 and press OK. Repeat this procedure to add step 100.

We are now ready to submit the HOT-SMAC analysis. Press the "Analyze" button in the

upper right hand comer of the Main HOT-SMAC form. The HOT-SMAC analysis will

begin and a "Cancel" button will appear over the main HOT-SMAC window. To stop the

analysis, press the Cancel button. The HOT-SMAC interface will be locked out until the

analysis is complete.

After the analysis is complete, if there was a problem running the HOT-SMAC analysis,

a message box will give you the choice of reviewing the ASCII output file. If the

analysis was successful, there will be no message. If there were no problems with this

analysis, we can now view the analysis results graphically on the "Results" tab.
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Results Tab

18. Click the Results tab. When this tab is first clicked, no results are selected
therefore it is blank.

19. Select a quantity to plot by selecting the quantity "Temperature" in the list box at

A. Next, select the step at which you want to plot results (B). You can plot

contours at Step !0 or Step !00 according to the choices that were selected on the

Analysis Options tab.

Time Otpender_

Row • Column - 5

1

ROW - I0 Co4umn - 5

Cotumn (Conttord X3) PtO_

Inc=l Co1-5 Cenler

Inc=lO0 Co1=5. Center

Inc=l Row=S: Center

Inc-lO0 Row=£ Center

Time Step 110

You can also display row and column plots by selecting a quantity at A and selecting a
row or column plot at C.

20. Plot the temperature along the

centerline column by selecting
"lnc = !00; Co1=5, Center"

You can display multiple quantities on a

single plot by pressing the <Ctrl> key

while selecting quantities to plot.
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21. Plot the centerline stresses in the 1,2 and 3 directions simultaneously by first

selecting Sigmal and then while holding the <Ctrl> key, select Sigma2 and

Sigma3. The resulting plot should look something like this:

27_ 2

::a [
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Changing the Model

After running the analysis, you can change the model and re-submit the analysis.

now going to add a "window" or "hole" into the model and re-run the analysis.

We are

22. Go back to the

Materials tab and

select a range of cells

by dragging a bounding

box (A). From the

Material dropdown (B),
select "Window 1".

Press the Apply

Material button (C). A
Window in the model

should appear.

Each window that you define
in the model has its own

boundary condition

assignments. These are specified on the Thermal BC and the Mechanical BC tabs.

23. Go to the Thermal BC tab. From the dropdown labeled, "Apply Boundary

Conditions to:", select Window I. The boundary cells of the Window defined in

step 22 should be displayed. You can assign boundary conditions to these cells

just as in steps 1 ! and 12. Change the boundary conditions on these cells to 0 flux
boundaries.

24. Press the "'Analyze" button and when the analysis completes, go back to the
Results tab to view the results.
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Time Dependent Rots

Row • 1 Column - 5

ROW = 10, Oolurnn • S

Column 0?.e fret=rotX3) Rots

Inc-l. Col-5 Center

Inc-180; Co -5 Cen er

Row (Conmer_X2) Rots

Inc=l; Row=5: Center

Inc= 00; Row=5 Center

Fringe/Cohere Plots

T=me Step 1
10

View Model to

SceJe

TIIILl_at, I_e

553.1599

519.0,775

404.9951

450.9127

416.0303

302."/47D

348 • IS655

314.5031

280.500"/

246.4103

215p .3359

1"78.2535

144.1711

110.088"7
I

"/6,00631

41,9239

?,8415

I
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Section 2" Detailed Example Tutorial

Thermo-Elastic Analysis of an Internally Cooled
Structure

NASA/CR--2001-211294 15





Detailed Example Tutorial

The following example duplicates an example presented in NASA/TM 2001-210702,

"Thermo-Elastic Analysis of Internally Cooled Structures Using a Higher Order Theory",

in which a thermal barrier coated actively cooled panel is subjected to an intense flame

heating boundary condition. First, the example will be worked step by step, and finally,

the results of this analysis compared with the 2001 NASA/TM will be presented.

Problem Description

Tinf = Linear Profile
Tinf= 3600 F h = 2.04E-6
h=3.0E-4 "finf = 3600 F Free Mech.
Free Mech. (5 Holes)

i : i
v • v v • • V • V v

Tinf =1292 F

y

Q=O

Symmetry

Fixed at Corner Cell '_

Tinf = 1292 F
h =2.04 E-6
Free Mech.

Table I: Material Properties

Material E(psi) v ot (10-6/°F) K (Btu/in-s.°F)

Substrate: Silicon Nitride 4.35× I0 v 0.22 1.83 4.01x 10-4

Bondcoat: Mullite 2. I × I07 0.20 2.94 7.84× 10.5

Topcoat: Porous Zirconia 3.63× 102 0.25 6.25 2.68x 10-6

Tinf= 1292 F
h = 2.04E-6
Free Mech.

Table 2: Dimensions

Dimension Value (in.)

Total length 0.5

Total height 0.135

Hole length 0.07

Hole height 0.07
Distance between holes 0.025

Bondcoat thickness 0.005

Topcoat thickness 0.005
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Problem Setup

I. Start HOT-SMAC. The first tab that appears on the main HOT-SMAC window is the

Setup tab. Because the materials in this problem will be treated as linear elastic,

select "Elastic" from the Constitutive Laws drop-down (A). Next, press the

"'Select/Define Materials" button (B) to bring up the Material Editor form.

Fk Opt_ns Help

Frob_m T_¢ ISample Problem T_e Friar FGM

stop 1 c"*_W 1

Gr_lmg $_eme

r One Dim,"_o_ [

T_o Dimclon= j

............ ]

D Coniltuli,,_ Lowl .... 7........ iII II j!

,¢ Commuous Fiber. i

]

Ma_nals ........... ,

r_ T_mpe_t=m Ind=peedem ]

_" Tempemlum O_ndm_ !

Number at P_

Selec_/De_"*e I¢_.Waols I

X2

I I _ _ _'_" _".

_' k -J,

Material Properties

2. On the Material Editor Form, change the Material Model (A) to "Elastic" and enter

the material properties as outlined in Table 1. The Silicon Nitride substrate material

properties are shown here. After entering material properties, be sure to press the

"Apply Change" button (B) to save the current material. To enter the next material,

- Temperature Dependent Prope_es

Medtaaic_l Properties

Y_ld 5"i_,ee$ I

PlasticModulu_ [

Creep Coefficient [

Creep E>_ponent [. r ....

CreepAct_v_on I, i [ .,.
Energy

Thermal Properties

alpha (axial) I183E-06

alpha{transverse} 1183E-06

A_ply Cl_e-,ae

Cow

Delta
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.

press the "Copy Material" button (C) and enter the name of the new material. Then

enter the new material properties and press the "Apply Change" button. To navigate

through the materials, use the "Prev Material" and "Next Material" buttons.

To save the materials for future use, you can export them to

an ASCII file. Select "Export Materials" from the File

menu, and type a filename for the exported materials. All

materials in the current HOT-SMAC model will be

exported. The exported materials file will have the

extension "fmat". In another HOT-SMAC problem, you

can import this ASCII file by selecting "Import Materials" from the same menu.
Close the Material Editor Form

Geometry
4. On the HOT-SMAC main window, select the Geometry tab. Begin by setting the

overall dimensions and the number of cells. For the Height (A), enter 0.135 inches

and 8 subcells and for the Length (B), enter 0.5 inches and 22 subcells. When

complete, press the "Update" button (C). By default, the model is drawn to maximize

the size of the graphics window. To view the model to scale, check the "View Model

to Scale" checkbox (D).

Subcellsin 2direction8J_"_
(even irdeger) -- ".._.1

Lineer Grade in X2 direction I-

_J_ _._tx_ 105

Subcells in 3 dimc_n F2"-- %-_
(even integer)

Line_ Grnde kl )<3 dimc_on I-

|

Ei i

----H- i E i

X2 Selected Row(==)

Selected Column(s) _.X3 I _ )' Enter Colur¢_ Lenc_hl I

Erlter Lo}'er De,ufls I

Scale_mll_e _ I_

. There are several ways of manipulating the cell sizes. You

can enter the individual row heights and column widths by

pressing the "Enter Row Heights" (A) and "Enter Column

Widths" (V) buttons, respectively. Enter the heights for

each row, by pressing the "Enter Row Heights" button (A).

As you enter each height value, press the <Tab> key to

enter this value and move to the next value, or press the

<Enter> key. As you enter each value, the total height of

the grid will be displayed in the "Total Height" textbox.

r [ _T_:_._:::_::___,_ __ / : _ ._ After
entering all

1 m
1 001375m
z 001375m
3 0035m
, 0035m
5 001375 m
6 0 01375 m

7 ooo,m
I

D I ToteJ Height
Upd"t_l,._l ;_13s
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of the cell heights, press the "Update" button (C). The grid should now appear as
shown.

. You can also manipulate the cell sizes by selecting cells and then changing the

dimension of the selected cells as a group. Try this by selecting the first two columns

of cells (A) by left clicking on the grid and dragging a bounding box around the cells.

Any cells that are included in the bounding box will be selected. To de-select cells,

press the right mouse button. Alternatively, cells can be selected by holding the

<Ctrl> key and left clicking on individual cells. Notice that when these cells are

selected, the total height and length of the selected cells (i.e. the sum of the individual

row heights and column lengths) are displayed in the Height and Length textboxes.

You can change this height and/or length by entering a new value for the dimension

in the corresponding textbox. Change the total length (B) of the first two columns to

0.025 inches. The mesh will be updated and the first two columns will each have

ROWS -

Totml Height0<2) ]0 0275

Subcells in 2 direc_on I--' _.,_
(even integer)

UmBer C._ade in X2 direclion I-

• ,. _ l [

l View Model to I_"Enter Colurrm Lengths Scale

lengths of 0.0125 inches so that the total length of the first two columns is 0.025
inches.

Repeat this procedure for the second two columns for a length of 0.07 inches and

alternate 0.025 inches and 0.07 inches down the length of the grid.

I
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Material / Window Assignment

7. On the HOT-SMAC main window, select the Materials tab. Drag a bounding

box around all but the top two rows of the grid, select "Substrate" from the Materials

dropdown (A) and then press the "Apply Material" button (B). Select the next row,

and apply the "BondCoat" material, and select the top row and apply the "Top Coat"

material. It might help when entering the materials to turn off the "View Model to
Scale" checkbox.

- Meteriel Assignment Options

(_ User- Delined

r AutorneJc Grading

Me4edel

D, isub,,,o,o j

° Windows (or holes) in the grid are also entered on the Materials tab. To enter the

first window, select the cells shown (A) below [(3,3) to (4,4)], select "Window l"

from theMaterial dropdown (B), and press "Apply Material" (C).

F Material Assignment Options

t _ User-Delined

- r Autome_cGmdincj

i Metmied

"-J
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Each window is treated as a separate entity and must begin on an odd row/column and

begin on an even row/column. If cells are selected that do not meet this criteria, the GUI

will notify you and attempt to adjust the window size to meet this criteria. Next, enter the

second window by selecting cells (7,3) to (8,4) (D). Select "Window 2" from the

Material dropdown (E) and press "Apply Material".

Repeat this procedure for windows 3, 4 and 5.

Windows can be removed from the grid by selecting "Remove Windows in Grid" from

the Options menu of the HOT-SMAC main window. Note that if windows are removed

from the grid, then materials must be re-assigned to the cells that were a part of that
window.
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Thermal Boundary Conditions

By default, all boundaries (for the entire grid and for each window) are assigned a

uniform temperature of 0 degrees, in the following steps, we will assign the convective

heating and cooling boundary conditions to the model.

°

10.

On the HOT-SMAC main window, select the "Thermal B.C." tab. When this tab

is selected, the boundary conditions for the entire grid (as opposed to the windows)

are displayed. Draw a bounding box to select the boundary cells corresponding to the

flame (cells 1-6 along the top) (A). The boundaries of these cells will become

A_ply Bouadmy Cond_c_s to:

i Thermal Boumd_ Cond_lion .....

D Type

!

= i !--_ i
; : : :

, [

I
I

I

I

_i_i _i_L _i_
X2 _#

highlighted. Selected "Convection" from the "Type" dropdown menu (B) and enter

3600 F and 3.0E-4 as the convection temperature and coefficient respectively (C, D).

Finally, press the Apply Boundary Condition button.

r ThemlelBo_mde_Conddio.-

Type

Ico_oo J

End A Conwc_ Tee'_eraJure

13G00
End A Convmclk_ Co_liOent

2 04E-6

1292

End B Con_cko_ Coe_oent

Next, enter the convective boundary away from the flame. In this case, the

boundary condition linearly varies from the flame to the right end of the model.

Select the remaining boundary cells and then check the "Linear BC Distribution"
Apply Boundery Condllons to: II¢ Iv -w. -w.. _. .. = _ w.
IE,_ire Grid "1 I: i: :1 ,'1-_ ,! !( lirar-,r"m mm3t,(x

337!
iiimll
31_(

: : _ ; iiim

1 ZgZ.'

2?0(

Z4"/."
mill
22S{

202_
mira
l|r,r

IIiIm
157_

IBm
13S(

IBm
112. =

m
9OO

m
6"r5

: : : i m

] 450
mlBI

---'---- ----'--- ----'---- = = , = ---- --- z2s
im

B _ L,ay_r# 0

A BX3

checkbox (A). A second set of convective temperature and coefficient textboxes will

appear. Enter the values shown and press the "Apply Boundary Condition" button.
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11. The entire right side and bottom boundary conditions will be assigned a

convective temperature of 1292 F and coefficient of 2.04E-6. The left side boundary

condition is a symmetry boundary and should be assigned a flux boundary condition

of 0 (insulated). Assign these boundary conditions now by selecting the appropriate

boundary cells, selecting the Type, typing the numerical values and pressing the

"'Apply Boundary Condition" button.

X2 Lmver #

Be Ma_t_e

3600

33'75

3150

2925

2700

24?5

2250

2025 - "

1800

1575

1350
III
1125

g00

6"/5 -::_r_/_ '::

450

225

0

12.

boundary cells for Window 1 are highlighted.

Select all of the boundary cells for Window 1.

When you select the cells, the following

message box will pop up:

An equal number ofcels in the 2 (vertlca0 arx;I 3 @l:al)
clreclX_s were _; Do you want: to apply bour'w:bry
c_ In the 2 (vertP_.a)drecOon?

Next, apply thermal boundary conditions to the first window in the grid. Select

"Window 1" from the "Apply Boundary Conditions To:" dropdown list (A). The

.Apply BoundeJ_,Conditionsto:

I I .° I

r- ThermeJBoundaryCondition

Convec6veT=,mpere_ure ]

1292

Convective CoMfioerrt

IJBTE-5

r- i inl,or BC Dinibution

Because boundary conditions for some cells

(such as the corner cells) are entered for both the top/bottom and left/right surfaces, when

boundary cells are selected, the HOT-SMAC GUI attempts to determine whether you

intend to apply boundary conditions in the vertical or horizontal directions. If it cannot

determine which to apply, it will ask you. Press the Yes button to apply the vertical

boundary conditions. Type in the appropriate boundary condition values (T =1292 F,

, ,I
I

i i!
I

I ii

I
-m-r-m-++

I ! I
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h=3.87E-5) and press the "Apply Boundary Condition" button. Select the boundary cells

again, and this time, press No when the message box pops up to indicate that you are

applying boundary conditions to the horizontal boundaries. Repeat this procedure for the

remaining four windows.

Mechanical Boundary Conditions
Mechanical boundary conditions are entered in a very similar way to thermal boundary

conditions. In the following steps we will assign mechanical boundary conditions to the

model. Just as with the thermal boundary conditions, we start by applying boundary

conditions to the entire grid and then apply them to each window.

13. From the HOT-SMAC main window, select the Mechanical B.C. tab. The default

boundary condition for all boundaries is "pinned" or zero displacement in both the 2

and 3 directions. Select the boundary cells along the top, select "Free" from the

"Boundary Type" dropdown, and press the "Apply Boundary Condition" button.

Repeat this procedure to apply free boundary conditions along the right side boundary

and then for the bottom boundary.

Apply Boundary Cond_ons to:

'Entire Grid _! i "V I"V "v V (V iVW I W V "V "Iv , V v "1' ! 'V _',I
I "! [ : .... : : l<

_ : : I _ ., : : .

BoundeJyType [ ! I <

- Boundety Condition in2 Direction-

Type

I .... ' z.J

Amplitude

I

BoundeuyConditionin 3 Direction-

Type

I......... :.1
Amplitude

I,

: l<

_ J ApplyBounde_yCondition !

[ I<

i
m ..- m

r

[

X2

I<

I ! : : :

I<

- Uniform Stress or Slrain inI Direction-- [- X3 Generalized Plenl Sltain L_r#

," _11 Value Specifying GenemJized F>leneStr_n 11
_l_ J0 inthe 3 directionwill nullifyspecified.... boundaN conditions in the 3 direOion

X3

X1

14. For the left boundary, select all of the boundary cells, select "Roller" from the

"Boundary Type" dropdown, and press "Apply Boundary Condition".

15. In order to prevent singularities, the boundary conditions must prevent any rigid

body motion. This is accomplished by "pinning" the lower-left corner cell. Select

this cell, answering "Yes" when the dialog pops up to indicate that this boundary

condition will be applied in the 2 (vertical direction). Select "Pinned" from the

Boundary Type dropdown, and press "Apply Boundary Condition".

-__l
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The boundary conditions for the entire grid should appear as shown below.

i 6. Select the boundary cells for each window (using the "Apply Boundary

Conditions To:" dropdown) and make each boundary for each window "free".

I Uniform Stress orStrain in1 Direction-r ell Volue

IlD ou I°

17. Finally, specify that the out-of-plane (1

direction) boundary condition is that of zero

stress by clicking the radio button at A. Note

that this indicates that the average stress for the

cross section is zero, not the stress for each cell.
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Analysis Options

Because this is a linear, elastic, non-time dependent problem, the entries on the left side

of the Analysis Options tab are not applicable to this problem. For linear elastic

problems, only one load step is performed, and the Mendelson iterations are not

applicable. Therefore we need only specify plotting options on the right hand side.

Loe.d History OplJons .......

Step Number Load _. Time Step

50 100 1

Add Time/Step I

i ,+er,i_!:,_ _ ]rr+rc"_r t - - , Glob¢,t Constallt_ ..............

!I Temp.+,., |
L r- j

, Time Dependent Rot Oplions - Contour/Fringe Options ........

Echo Interval _

Time dependent plots Contour / Fringe Rots

I TimeStep = 1

Add Time Dep" Plot _1_ Add C°ntour Plot I
Jl ...................

r-X-Y Plot_ng Options

Step number tor X-¥ Plot

TimeStep = 1

Row (conmm, t X_ pto_

6 -Top

8 -Top

Column (constant X3) plots

_l_*l_lllb Add X'Y Plot Ti_ Add X'Y Plot I

Because this is not a time dependent problem, there is no need to add a time dependent

plot under the Time Dependent Plot Options.

18. Add a contour plot by pressing the "Add Contour Plot" button (A). In the

resulting dialog, type "1" to indicate that a contour plot should be generated on the

first (and in this case, only) load increment. Press the OK button.

19. Add an XY Plot Time point by pressing the "Add X-Y

Plot Time" button (A). In the resulting dialog, type "1" to

indicate that row and column plots should be generated on

the first (and in this case, only) load increment. Press the

"Add X-Y Plot" button (B) to add rows and/or columns to

plot. In the resulting dialog, add a row plot for the top

surface of the grid, which is row 8 along the top of the

cell. Press the "Add Plot" button to add this plot. Press

the Add X-Y Plot button again to add another row plot

along the interface between the substrate and the

Row (constant X2) plots

rXY Rot Dimc_on

_¢ Row (ConsmmX2) Plot

t" Column (Constant X3) Rot

¢" Bottom ¢" Center _' _o_

18 "_J

I ° o,I oo. I
11

bondcoat, which is row 6 along the top. You can delete any row

or column plot (or X-Y Plot Time or Contour Plot Time).

Simply highlight the plot on the Analysis Options tab, and press

the <Delete> key.
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Running The Analysis

20. Now that the problem is set up, press the "Analyze" button to run the HOT-

SMAC analysis and import the results into the GUI.

2 I. On the HOT-SMAC main window, press the Results tab to view results from the

latest HOT-SMAC analysis. The first time that this tab is shown, there are no results

selected for display. First select a quantity to display. Highlight "Temperature" in the

list box (A) labeled "Plot the following". Next highlight "Time Step 1" in the

"Fringe/Contour Plots" listbox (B) to display contours of temperature at the first load

increment. Click on other quantities in listbox A to view stress results on the model.

22. Next, plot stresses along the substrate-bondcoat interface. Highlight the item,
"qnc=l, Row=6, Top" in the "Row (Constant X2) Plots" listbox (A). When this is

highlighted, whatever quantity is highlighted at B is plotted in an X-Y graph as a

Time Dependent Plots

1
Colurr_ (Con_e_X3)

I
Row ((:;:_n:_mt _2) Plots

no-1 Row=B Top

Fringe/Cor_u*r Rots

Ttrne Step I

Plot t_e Iollowmg:

(Hold (C_b for music |MIK:tiOnS)

Impo_ Results I Export Plot I

Sgm33

12130

7110

2<'_0

O

2930

-7950

-12970

S_ma3 (Inc=l; ROW::=6; Top)

................ i............. ii.:i

....... i ...... :::"7.... _ "'! Si,::jrnai .............

i . _: i i - - Soma21 __'i

i, i i

_Y._ v " ':_'_ _-_

O. 1000 0 2000 03000 04000 05000
X3
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functionof X3. Youcanalsoplotmultiplequantitiesin theX-Y plot. To plot
multiplequantities,holdthe<Ctrl>keyandselectquantitiesin thebottomlistbox0
or just click an hold the mouse button on any quantity and "swipe" multiple

quantities.
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Section 3: HOT-SMAC Verification Example

Thermo-Elastic Analysis of an Internally Cooled
Structures
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Analysis Results

Analysis results are presented here for the NASA/TM example problem that was used as

an example tutorial in the last section. Comparisons to the NASA/TM results are

presented as appropriate. The solution is first presented on the 8x22 mesh from the

previous section. Next, the analysis is presented on a mesh with 26 cells in the X2
direction and 74 cells in the X3 direction.

8X24 Coarse Grid

• Material Layout
Materials

TopCoat

BondCoat

Substrate

_w

L.I

Thermal Boundary Conditions
,_, ,_ == w w _ :m,m _../ _. J'--- _.J _J m im

i Ilia =lira A all iIIL Ill, da _ illm illlm

w m wh ;=

i'

• Mechanical Boundary Conditions
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• Temperature Contours

• Contours ofcrl 1

NASA/CR--2001-2 ! 1294 34

T_eratttze

2400.401

2363.913

2327.426

2290.938

2254.45

2217.963

2181.475

2144.988

2108.5

2072.013

2035.525

1999.038

1962.55

1926.063

1889.575

1853.088

1816.6

Sigmal

15301

10144.06

4987. 125
I
-169.8125

-5326.75

-10483.69

-15640.63

-20797.56

-25954.5

-31111.44

-36268.38

-41425.31

-46582.25

-51739.19

-56896.13

-62053.06

-67210



• Temperature along top and bottom

2700

2600

2500

2400

= 2300

& 2200
E

2100

2000

1900

1800

.--.--.....

0 0.1 0.2 0.3 0.4 0.5

-*-- Bottom Surface

Top Surface

• Temperature along top and bottom from Ref. [1]
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_11 in substrate along substrate-bondcoat interface (Present)

t3

15000
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5000

-5000

-10000

-15000
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Sigl
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• _11 in substrate along substrate-bondcoat interface from Ref. [1]
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cy22 Contours

Sigma2

9776.6

8473.25

7169.9

5866.55

4563.2

3259.85
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653. 1495

-650.2004
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NASA/CR--2001-211294 37



• cr22 in substrate along substrate-bondcoat interface (Present)

t"q
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• cr22 in substrate along substrate-bondcoat interface from Ref. [1]
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26X74 Medium Grid

• Temperature Contours

• Temperature along upper and lower surfaces
I

Tempezatu_e
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o l 1 along substrate-bondcoat interface
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Discussion

The results presented here are not so much to validate the physics of the HOT-SMAC

method as to validate the process of building HOT-SMAC grids and analyzing the results

using the new HOT-SMAC GUI against a body of established HOT-SMAC results.

In general, the results predicted by the current version of HOT-SMAC compare well to

the results presented in Reference [1]. The first thing to notice is that in the temperature

profile plots, the current version of the software appears to generate a very similar answer

to the finer mesh solutions of the software used in [I].

The s l 1 and s22 stress result trends seem to be the same, however, the magnitudes seem

to be off slightly for a given mesh density. For example, in the sl I plots at the interface

between the substrate and the bondcoat, the lower bound on the stress is approximately -

10000 psi, where in [ I ], the lower bound appears to be closer to -8000 psi. Three

possible causes for this discrepancy are: I) The meshes are not identically the same; 2) it

appears that the elastic material properties (E, v, K) are temperature dependent in the

work of Ref. [1 ], where in the current software, only the thermal expansion coefficient is

temperature dependent, 3) an averaging of field quantities within each subcell is used in

the current software package; whereas in Ref. [1] actual point wise results where shown.

It appears after further investigation that the bulk of the discrepancy is due to this

averaging process; consequently the use of this averaging procedure will now become an

option rather than mandatory.
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Section 4: HOT-SMAC - HyperSizer Integration
Research
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HOT-SMAC- HyperSizer integration research

HyperSizer passes panel level solutions to HOT-SMAC to obtain local analyses of

particular design features. The HyperSizer solution obtains accurate thermoelastic

internal loads and resulting stress and strain fields for all of the panel span segments

based upon a consistent state of Free Body Diagram load balance and strain

compatibility. However, HyperSizer formulations are based on classical lamination

theory and Kirchoffs plane sections remain plane deformation theory and as such do not

consider Z axis (axis in the HOT-SMAC 2 direction) effects.

in this example, the HOT-SMAC software is used to supplement HyperSizer's solutions

by providing computation of shear stress (_23) and normal peel stress (cy2) for bond

regions and areas of free edges. The problem is a hat-shaped, metallic stiffened panel

with a machined/extruded built-up plate region to represent the facesheet to flange design
feature.

Shown in the figure is the panel cross section to relative scale. The orange circle

represents the area of analysis refinement.

The actual design dimensions and material follow.

Unit Weight 2.91

Top Face- thickness : _ 0.0936

('ore Web - thickness +"_ 0.029
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Bottom Face - thickness ......

Panel - height 1.713

('orrugation - spacing 5.9

Bottom Crown - width 1.328

Core Web - angle 72.91

Top Flange - width (hat only) 2

Top Clear Span - flee width 1.594

Top Flange - thickness "" _ 0.029

Bottorn Crown - thickness "'_ 0.029

Variable Design Materials

Variable Materials

Top Face-

thickness

1 Titanium " " "_ "- Exa00_.-Tm-6AI-4v. commonly used aerospace

Titanium (UNS R56400)"

Core \Veb -

thickness
1 Titanium Exa00_-TI-6AI-4,,, commonly used aerospace

Titanium (UNS R56400)"

NASAICR--200 I-211294 46



For this specific panel design, the HyperSizer user is able to enter the applied edge

loading and edge boundary conditions. In this example a compressive load of-2000

(lb/in) is applied with constraints against rotation and translation of the other remaining

edges. To enforce zero curvature and strain in the panel in these directions will cause

virtual loads to be developed. In this case the virtual loads ofNy = -516.655, Mx = -

370.93, and My = -3.01015 are developed. Note that in the direction of the applied

membrane load, a strain of-8.990739E-04 is developed.

Graphics T"[ Failure I" Oeslt_q-toLoads ]" Computed Properties I BuckiinE IT FF._ALoadsVariables Concepts T FBD T Object Loads T Qgtlons Notes

-Input (Per Load Cage).

I**LI_Cr-MBa-_CAL**LoadC_ # 1"one"(IV!echaFicalSet#101,ThermalSe_#201) :J
6'_ LoadSet#101 'toadSet101"

f"ThermalLoacl_t #201 9.oadSet201"

¢"F_A Loads -ProjectsOnly NXI_(

_"_LO_W:II _gpledUrltVabeILoad

For_eng_hJ_n_y_s[-2ooo
ForBuctJ__Vs_ [-20oo

r_

RefTempl I Tom_[ I
_.=_raI I __ [ I

Ny,ey Nxy,_y Mx,_ Myxv Mxy,_y 9x qy

-_Jlco,-,_,-',_-_llco_,,,,r_=JIc_,,'_a"_lc_',,n_"_lco_,-,_"J'o_ ",1,o._ "1

-_r_pe,_ p'rmure
DI LocalLevd I'1Pand Levd

_P

rlzeroout FB _ Moments IFIXEDBoundaryCondibon_ l

Mx My Qx 9Y

I I I

_wtFree_ OWmram(_ r-,re_)

_t;;"' _"_._------_
v___,_.,X.L44)

/--. "/ " / _)I _o I
-Free Body I_k_rr, n Oulput (_ Factored L_KIc4me)
com-drng ,_miv_sLo_l: _ Nx,_x Ny,e/ Nxy,'Fy Mx,=x

_r_Lo_ Io I-_1_._ p -t,o.,_
i- ooo I-S  Ossp_cjr_o _e_rm_ i-B.9,xrngE_p p

_,_ _ OX

_.OlO1_io io io

These resolved internal panel loads are then further refined to each of the defined

analysis_objects that build up the panel. For this example we are interested in

analysis_objects Clear Span [I ] and Bonded Combo Top [7]. Their loads are shown in

the figure below and their location on the panel is indicated by graphic in the failure tab.

-Load Rea._

o_,a IN,, I_' I_,y Iv,, i_ IM'_ I remper_u..,ITTG
Clear Span [1] -150(I,,22 -516.655 0 0 0 0 72 0

Closed Span [2] -1506,22 -516_55 0 0 0 0 72 0
Bonded Combo Top [7] -1975,52 -516,655 0 -29_754 -flj37994 0 72 0
Web [10] -422,385 0 0 0 0 0 72 0
Crown Bottom [12] -422385 0 0 0 0 0 72 0
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The failure tab shows margins-of-safety for the various failure modes that may occur for

the stiffened panel. These failure analyses include metallic yield and laminated

composite material strengths for the in-plane normal and shear directions. However, for

regions such as the analysis_object Bonded Combo Top [7], they do not include

interlaminar stresses nor peel stresses (Z axis effects). For this type of analysis the

HyperSizer resulting state of stress and strain is passed to HOT-SMAC for more detailed

analysis.

v.,_._.. 11 c__,pt, 1
Graphk:s F_dluro T

-Fmdv _ F_ure

C_,r s,,ey.(n /j
/i- I Bonded Combo Top [T] ///

H / C/osedSpan[2] ////

,,_%_Crowl_Boltorn [121

SpacingSpin [2_

tmeva_ie. Face [211 Imelacllon All [221

Pan_lConcepts
Jeldlld Tnnw,cm.e Hal Tn.stmre

r,eltllllll Trm_eem t'krt . Twe.d_gt

FBD T Oblect Loads T Options I" Notes

DesIBn-to Loads T Computod =Proportle$T Bucktlng T \ FEM Loads

Avalable r-]lureAn=_

Um_MS U_MS Loca_n-__

O..__gz_._._._._._ web [10] Local Buddr_, Loc3qjt_l_al E_recbon s.
0.2_02 Web [10] Local Bucldi_, lnteraclm3rl

Crown Bottom [12] Local B_cklr_, Loc_Jt_ti_al DrectJc_

Spadl_j £1)dn ]7'0] _<_al _,l v_ lira3 I on,_l]dlr_ DIrP,-h-,n
1.105 I _,._j span [20] L._gl BJ,:_"llr_ InteracI_:c

H_ Crgg:,i_ - Btx:klng nterac_on, _L_r

Hat Pan_ Bucking, Unsymrn I_axlal w/TSF
Hat Panel Buckir_, _mm B4axlalw/TSF_S;qear Interacl_n

Plat P_'C_ Buckfr_l, Llnsymrne_ BBXBI
, 1.952 I Hat Panel Bucktncj, UP_mrn B_ax_ w/Shear Interacbon

Closed Span [2] Local Buck.lln_, Interactlon
2.966 I Closed Spa_ [2] Local Buckling, Lonc3t_Inal EXrect_on

Hat Crp#r_, Isotrol>C, mettx)d M_, formed and exlruded sect
I 4.919 JHat Cnpprlng, Isotrop_, meEnod L'W, fo_med and exl_uded sec

6.737 I 6,737 i Bonded Combo Top [7] :: :,_,-p r- _=--'[_ L ' _]% 1[ J, -
6,82 i 6.82 I Clear Span [1 ] Isolrq::*: S_eng_, Loogltl._lr_ Direction
6.82 I 6.82 I _ SPan [2] lso_o_c S_engt_q, Lor_luOnal Dceclx_-

Clear Span [1] Local Buck_g, Lo_tX:irel Dire¢8on

7,308 I Clear Span [1] LocalS_cklng, Interact_on
Lb_ Z _ 7.651 CrOWn Bottom [12] ]sotrop_ Strencj_q, LorO_clred E_rect]o_

7.651 [ 7.651 Crown Bottom [12] Iso_'op_ Sl_'er'_. Von I_ses Interacton

7.651 i 7.651 Web [10] IsoO'ol_ S_eng_, Van NIses Int_ractloo Yield Crlte_,
7.651 I 7.651 Web [10] ISOlTOT)ICS_ertgl_, Lof_JtLIdlqat Dlrectlo_
7.6_'9 J 7.689 Bo_ledCorrd)oT(:,p[t] " *.... _-_ ,T_ , _;,-. r r..':*

7.884 ] 7.884 Closed Span [2] Isot_ol_ Sb'er'_g_, Yon M_es Interacl_on Ymk

7.884 l 7.884 ,l:;le_l_n[1] lsot_op_S_'engt_,VOnl_.seslnteracl_onY_Id<.

A HOT-SMAC model of cells was generated using the GUI developed under this CTO

contract. The model is depicted below in relative scale proportion.

As can be seen in this image, the model is refined in the stressed areas of interest.

Because of the difficulty in seeing the mesh refinement, the HOT-SMAC interface allows

the user to exaggerate the model scale. This GUI feature is used in the remaining images
of the HOT-SMAC model results.
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The model has 20 cells in the vertical (X2) direction and 40 cells in the horizontal (X3)

direction. A window was placed in the bottom left quadrant to represent the free edge

feature of the flange line. The interface's feature of being able to automatically grade the

mesh refinement was used to generate more cells in the region of the corner.

File. Option:: Hell'.,
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A symmetry boundary condition was idealized by using the roller boundary type on the

centerline of the bond region, represented with the circles on the right hand side. The red

triangle is a pinned b.c. and is added to prevent solution rigid body motion.

The HyperSizer computed stress was applied uniformly to the left hand side of the model

as represented with the black triangles (custom boundary condition). The HOT-SMAC

terminology for this applied loading is traction for stress and amplitude for magnitude.

This traction load is calculated by (Ny/skin thickness) = 516.655 / 0.0936 = 5519.8 psi.

The cross sectional face (1 direction) is loaded in uniform strain with a magnitude of

8.990739E-04 that was computed by HyperSizer. Note that the HyperSizer solution was

for a compressive load, but the computed results from HyperSizer were reversed when

entered into HOT-SMAC so that tensile peel stress would develop.
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For this loading and boundary conditions the following values of the stresses are

computed with HOT-SMAC.
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As a check, the resulting value of stress computed by HOT-SMAC (in the 1 direction) is

verified with the stress computed by HyperSizer (in the panel X direction).

The ieti side of the model shows a nearly uniform stress of 16,115psi, as noted in green.

The right hand side of this model shows a stress gradient ranging from about 16,700 psi

to 15,000 psi with the integrated average that appears to be close to about 16,115psi.

This compares well to HyperSizer's calculation of stress.

The left side has a thickness of 0.0936" and the thicker part a thickness of 0.1226". As

can be seen from the image of the HyperSizer Objects Load tab, the Nx value for the thin

region is 1508.72 (lb/in) and Nx for the thick region is 1975.52 (lb/in).

1508.72 / 0.0936 = 16,119 psi and 1975.52 / 0.1226 = 16,114 psi.
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